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ABSTRAT 
The aim of this study was to evaluate the effects of season and 
breed on thermoregulation, blood constituents, blood metabolites, blood 
minerals, blood enzymes, egg production performance and egg quality in 
local and exotic breed (White Hisex) laying hens.  
         The rectal temperature (Tr) was significantly higher during the 
summer than the winter in both birds. The exotic breed showed 
significantly higher Tr than the local breed during summer and winter. 
The packed cell volume (PCV) was significantly lower during summer 
compared with winter in both breeds, and it was significantly higher in 
exotic breed than in local breed during summer. The haemoglobin 
concentration (Hb) was significantly higher in the exotic breed than the 
local breed in both seasons. The heterophil/lymphocyte ratio (H/L) was 
significantly higher during summer than the winter in both breeds.  
The plasma glucose level decreased significantly during summer 
compared to winter in both breeds. The concentration of serum 
cholesterol was significantly higher during summer compared to winter in 
both breeds and it was significantly lower in the local breed compared to 
the exotic breed during summer. Serum total protein concentration was 
significantly higher in exotic breed compared to the local breed only 
during summer. 
The serum Ca level decreased significantly during summer than the 
winter in both breeds and it was significantly lower in the local breed 
compared to the exotic breed in both seasons. Serum Na concentration 
was significantly lower in the local breed compared to the exotic breed 
during the summer and winter. Serum K concentration increased 
significantly during the summer compared to the winter in both breeds 
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and was significantly lower in the local breed compared to the exotic 
breed during winter. 
The feed intake, egg production, egg weight and eggshell weight 
decreased significantly during the summer than the winter in both breeds. 
These parameters also were significantly lower in the local breed 
compared to the exotic breed during summer and winter. The eggshell 
thickness was significantly greater in the exotic breed compared to the 
local breed in both seasons. Also the eggshell thickness was significantly 
lower during the summer compared to the winter in the exotic breed.  
The results indicated that the thermoregulation, haematological 
values, blood metabolites and blood electrolytes were affected by thermal 
load during summer in both breeds. The summer hot environment was 
associated with decreased production performance (feed intake, egg 
production, egg weight and egg quality) in both breeds. These results 
have implications in environmental physiology and poultry industry 
under tropical conditions, were discussed critically in the light of the 
information previously reviewed in the literature. 
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GENERAL INTRODUCTION 
  The poultry industry in the Sudan is based on two types of 
products, namely eggs and meat. There are many interconnections 
between the egg and poultry meat industries. The layer type is used to 
produce table eggs while the meat types are broilers. A few breeding 
enterprises produce day-old chicks of both egg and meat types. 
             Poultry production system can be divided into three main groups: 
household poultry keeping, traditional open house poultry keeping and 
modern intensive poultry keeping. The production system in the 
households is based on scavenging indigenous domestic chickens and at 
times accompanied by production of pigeons, guinea fowls, ducks or 
turkeys. The major constraints of household poultry keeping and 
traditional open house production in Sudan are inadequate health care, 
poor productivity and inappropriate housing (Khalafalla et al., 2000). 
Modern intensive poultry keeping is a very versatile agro-business, 
because of high production and due to its advantage of feed efficiency. It 
can be adapted widely to provide employment opportunities with fast 
return on investment. Also the modern intensive farming operations keep 
broilers and layer hens in an evaporated cooled housing system which 
enables them to produce all the year round. 
       Under local conditions, poultry production in the rural areas is of 
great importance as a primary supplier of eggs and meat and as a source 
of income, especially to women in a community where the cost of poultry 
keeping is very low.  
         The Sudan is dependant on exotic and indigenous breeds as the 
main source of commercial poultry meat and eggs production.     Local 
breeds are adapted to local tropical conditions (Oluymi et al. 1979).  They 
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require the least possible care; feeding cost is minimal and can withstand 
climatic stresses and poor hygienic conditions.   
The modern poultry production in the Sudan started in 1951 when 
specialized exotic breeds were introduced to establish small size farms 
with improved management methods and techniques (Desai, 1962). 
Intensive poultry keeping started in the Sudan in the 1975 when the 
Sudanese Kuwaiti Poultry Company was established in South of 
Khartoum. 
            The objective of this study was to compare the physiological 
responses and performance of Sudanese local breeds of hens and exotic 
breed (White- Hisex) during summer and winter seasons. 
     The study was designed to  
1. Determine the effect of seasons (summer versus winter) on the 
hematological values, serum metabolites, serum electrolytes and 
some serum enzymes. 
2. Investigate the production performance (feed consumptions, 
effeciency egg production, egg weight, eggshell weight and 
eggshell thickness) of the local and exotic breeds during summer 
and winter. 
 
        
 
 
 
 
 
 
 3
CHAPTER ONE 
LITERATURE REVIEW 
1.1 Local breeds of poultry in Sudan   
  Village chickens are generally of indigenous breeds living in 
almost symbiotic relationship with human communities (Spradbrow, 
1993). Out of a total population of 45.3 million chickens in Sudan, the 
conventional sector comprises around 30 million birds which produces 
annually 20.1 million birds and 900 million eggs (Sulieman, 1996). 
 Poultry production in the rural areas of the Sudan depends on the 
local breeds of birds called Beladi. This indigenous type (Beladi), was 
classified into three types of birds which included large Beladi, Bare 
Neck and Betwil type (Desai, 1962).   
       The large Beladi type is the most common type available in the 
Sudan. The birds are of good size with small or crushed combs, plenty of 
plumages of many color variations. The birds of this type are light and 
very active. The Bare Neck type is smaller than large Beladi type.It is 
more common in the southern Sudan .The main characteristic is its 
featherless neck which is believed to be a dominant character .Like the 
large Beladi type, the plumage also has many color variations. The birds 
show relatively more resistance to diseases compared to other types.The 
Betwil type it’s a small type bird found in the Nuba Mountains of 
Kordofan Province. It has a small compact body (adult bird weighting 
1.5-2 kg) with tiny black legs. 
           The Bare Neck type has an average live weight heavier than either 
large Beladi or Betwil types. The mean egg shell thickness for Betwil and 
bare neck type, are similar and thicker compared to that of large Beladi 
(Mohammed et al., 2005). The traditional system of small home flock and 
backyard scavengers are based on these native types with their low unit 
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cost that confers considerable advantage on their table distribution across 
wide range of socio-economic activity. The indigenous fowl, like exotic 
breeds has a sigmoid growth pattern (Ismail, 1997). Nevertheless, its 
level of production and growth is quite low, compared to that of exotic 
breeds (Nowsu,1979). Oluymi et al. (1979) stated that indigenou fowl are 
extremely well adapted to the tropical climate, resistant to poor 
management and can live with feed restrictions. The indigenous fowl 
were developed in the Geziera Province and irrigated schemes especially 
when crossed with White Leghorn males. The hybrid had higher egg 
production rate than the local birds and the white colour was dominant 
over all other colors and was more uniform. Crossbred birds are 
characterized by high egg production, grow fast and have higher 
survivability which depends on parent quality and gene interaction. 
Genotype and environmental interaction plays a major role for 
development of rural poultry (Bekele et al., 2008).  
1.2. Exotic breeds of hens in Sudan 
           There are many various breeds of egg-laying hens and each has 
advantage and disadvantage for egg production such as Bovan White, 
Bovan Nerara, Hisex and Rhode Island Red (Henery and Harrisson,  
1991). 
            The importation of exotic breeds in Sudan is merely back dated to 
the year 1926 when parent stock of Yandotte breed was introduced in the 
country by a British veterinarian. This breed was used for production and 
distribution of fertile eggs to poultry keepers for natural incubation. 
Thereafter Australorop breed was introduced in 1949 to improve the local 
breeds in southern Sudan.  In 1963, a well designed and properly 
equipped poultry research centre was established at Hilt Kuku. The 
benefit of this Central Research Unit was the encouragement of installing 
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chick rearing and distribution units in all the nine provinces, and six of 
distinct headquarters existing at that time. The Central Research Unit was 
dealing with exotic breeds such as White Leghorn, Rhode Island Red, 
New Hampshire, Light Sussex and Fayoumi on basis of their 
performance and for the improvement of native breeds under local 
conditions. These exotic breeds have been mainly raised in private farms 
and companies around cities and towns to provide table eggs and poultry 
meat. In 1963, the commonly used commercially, exotic poultry breeds 
and strains in the Sudan included Brown and White Hisex and Bovan for 
egg production and Hybro and Lohman as broilers. 
               The exotic laying hens can be an excellent source of daily fresh 
eggs. A hen will produce approximately 18 dozens eggs per year, 
although some hen breeds produce more eggs than others. Most hens will 
start laying at 4 months of age, but a few hens will take up to a year 
before egg production starts. Every breed of hens will lay a different 
colour, size and amount of eggs each year. Weight and proportion of egg 
componets represented by albumen, yolk and shell varied significantly 
between strains of hens (Monira et al., 2003).  
 The influence of environmental temperature on laying 
performance is of a particular importance under tropics and sub tropical 
conditions. Cowan and Michie (1980) reported that temperate breeds of 
poultry showed poor performance under tropical conditions, and 
concluded that this might be due to stress associated with exposure to 
high environmental temperature. 
1.3. Heat stress and thermoregulation 
High ambient temperatures can have a major impact on the welfare 
and performance of poultry. When high temperature is coupled with high 
humidity, the combination can become lethal (Defra, 2005). ‘Heat stress’ 
not only causes serious conditions of suffering and death of the birds, but 
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also results in reduced production that adversely affects the profit of the 
enterprise. Birds are heat stressed if they have difficulty in achieving a 
balance between body heat production and body heat loss (Defra, 2005). 
This can occur at all ages and in all types of poultry. Heat stress can be 
described as ‘acute’ or ‘chronic’; acute heat stress refers to short and 
sudden periods of extremely high temperature / humidity combinations, 
whereas chronic heat stress refers to extended periods of elevated 
temperature /humidity combinations. Birds will die from heat exhaustion 
if heat production is substantially greater than heat loss either in intensity 
(acute) or chronic over long periods  (Defra, 2005). 
              Heat stress is a major problem in poultry production and causes 
big economic losses every year. The progresses in breeding and nutrition 
resulted in broiler chickens and laying hens having higher performances 
today than ever before. However, the high performance together with the 
feathering and lack of sweat glands make the birds more susceptible to 
environmental heat load. The increase in poultry production in tropical 
and subtropical regions make it necessary to reconsider nutritional 
strategies to alleviate the deleterious effect of heat stress on performance. 
             Poultry are naturally homeothermic and maintain their deep body 
temperature at a relatively constant level which is conductive to optimal 
biological activity. The body temperature of an adult chicken is in the 
range of 41 to 42˚C, while that of day-old chick is slightly less. However, 
there is natural diurnal body temperature variation of 1.5 ˚C, depending 
on the activity of the bird (Suk and Washburn, 1995). The thermoneutral 
zone (19 - 25˚C) or the zone of comfort is a particular range of 
environmental temperature over which birds do not change their 
behaviour or show signs of discomfort and use the minimum amount of 
metabolic energy to maintain normal body temperature. In thermoneutral 
zone, the metabolic rate of birds is kept constant either by non-
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evaporative heat loss through vasomotor control (peripheral 
vasoconstriction or vasodilatation, feather manipulation and postural 
change), water evaporation from the respiratory tract (evaporative 
cooling), which keeps the bird comfortable. The actual limits of the 
thermoneutral zone , at any given age depend upon a number of factors 
including type of feed, the level of feeding, weight of the birds, the 
pervious temperature history, acclimatization effects, activity of birds and 
presence of other birds which huddle together (Ochetim, 1994).  
           Within the thermoneutral zone, birds can maintain the thermal 
equilibrium (heat production=heat loss) and thus maintain an 
approximately constant body temperature. A thermal balance between 
thermogenesis (basal metabolism and muscular activity) and thermolysis 
(heat dissipation) is always attained (Musharaf, 1973). As environmental 
temperature increases, the thermal equation is disturbed and birds tend to 
correct the equation by dissipating heat through non-evaporative cooling 
which constitutes the most energetically efficient means to dissipate heat. 
Birds manipulate non-evaporative cooling by increasing the surface area 
and blood flow to body surface (Bottje and Harrison, 1985). Birds have 
no possibility to lose the heat by sweating, thus losses by radiation, 
convection and respiration remain the only mechanism of heat loss 
(Marder and Arad, 1989).                                                                
               When the environmental temperature becomes equals to the 
body temperature of the birds, non-evaporative heat loss mechanism fails 
and heat can be lost by the evaporation of moisture from the upper 
respiratory tract (Dawson and Whittow, 2000) through increased 
respiration.Thus, panting is an indicator of heat stress in birds (Ugurlu et 
al., 2001) 
              Evaporative heat losses assumes on increasing importance at 
high temperature (above 25˚C), when sensible heat loss (non-evaporative 
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cooling) mechanisms (conduction, convection and radiation) fail to 
dissipate heat (Hillman et al., 1985). Sensible heat loss decreases 
approximately linearly with increasing ambient temperature and is lower 
during the day than at night (Von Wachenfelt et al., 2001). Layer hens 
subjected to elevated environmental temperatures reduce their activity 
during heat stress. Some birds will stand quietly while others will sit. In 
most cases, they will have their wings spread away from their body to 
promote cooling by reducing body insulation (Tom Tabler, 2001).  
           At high temperature, evaporative cooling is the most important 
mechanism of body temperature control. In birds, this control involves 
cutaneous and respiratory-evaporative mechanisms (Webster and King, 
1987). The driving force for evaporative cooling is the gradient between 
body surface and air vapor density, the latter given by the relative 
humidity. At high environmental temperatures, heat dissipation by 
evaporative cooling is impeded by high relative humidity. Evaporative 
cooling is also impeded by dehydration, which results in a decrease of 
panting rate, leading to hyperthermia (Crawford and Schmidt-Nielsen, 
1967; Arad et al, 1985). Heat loss through evaporation accounts for more 
than 80% of the total heat loss at high (32˚C) temperatures (Romijn and 
Lokhorst, 1966; Van kampen, 1974). King and Farner (1961) reported 
that the deep body temperature at which panting (thermal polypnoea) was 
initiated varied form 41 to 43.5˚C in different species of birds. When 
environmental temperatures increased above 30˚C, about 10 fold increase 
in respiration rate was observed above a normal rate of 25 breaths per 
minute (Nillipour and Melog, 1999). Shane (1988) reported that the 
respiratory rate is increased from 25 to 150 breaths per minute over 20 
minute periods in response to an increase in ambient temperature from 27 
to 44˚C and the respiratory efficiency (amount of heat dissipation per 
breath) of heat stress in birds is important as the increase in respiration 
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rate requires energy expenditure that increases the bird’s heat load and 
ultimately its dissipation requirement. 
          Another consequence of increased respiration rate (panting) is 
respiratory alkalosis. The excessive loss of carbon dioxide during panting 
reduces the partial pressure of carbon dioxide in the blood plasma and 
bicarbonate buffer system which constitutes the principal buffer of blood 
and extracellular fluids, reduces the hydrogen ion concentration causes a 
rise in plasma pH and bicarbonate levels, which result in respiratory 
alkalosis (Linsley and Burger, 1964; Calder and Schmidt-Neilsen, 1967; 
ElHadi and Sykes, 1980). The birds attempt to correct blood pH by 
excreting bicarbonate via the urine while retaining the hydrogen ion. The 
occurrence of respiratory alkalosis in response to heat stress has not been 
consistently observed in all studies in poultry. Siegel et al. (1974) were 
unable to detect any significant change in blood pH in broilers reared 
under continuous heat at 35 ˚C, whereas Raup and Bottje (1990) reported 
that blood pH in cockerels and broilers was increased at higher ambient 
temperature. ElHadi and Sykes (1982) described the pattern of respiratory 
alkalosis in laying hens and reported that panting first started at 35˚C, and 
mild alkalosis (pH 7.55) developed  without an increase in body 
temperature. During respiratory alkalosis, the shift in blood pH 
increasingly depressed the feed intake and adversely affected the overall 
performance of broiler and layer birds (Teeter et al., 1985). 
1.4 Effect of season on physiological response in poultry 
1.4.1 Body temperature 
            The deep body temperature of bird is higher than that of mammals 
(Dawson and Whittow, 2000) and the rectal temperature gives reasonably 
satisfactory indication of deep body temperature. The body temperature 
of birds depends on bird size, environmental temperature, age and sex 
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(Dawson and Whittow, 2000). The body temperature of the adult fowl 
increases significantly with the rise in environmental temperatures 
(Wilson, 1949; Donkoh, 1989). Wilson (1948) found that the individual 
variation in body temperature was greater at higher air temperatures. 
Pardue et al., (1985) reported a rise in deep body temperature of chickens 
exposed to high environmental temperature (32.2 to 37.8 ˚C). Similary, 
exposure of the broilers to a high temperature (39± 1 ˚C) for 2 h increased 
rectal temperatures (Altan et al., 2000). Berong and Wasburn (1998) also 
observed that body temperature increased during heat stress. 
Subaschandran and Balloun (1967) noted that increase in deep body 
temperature was 0.27 ˚C for each 8 ˚C increase of environmental 
temperature from 21 to 38 ˚C. The increase in heat production at the 
upper critical temperature is possibly related to the increased muscular 
activity associated with panting, but also to direct accelerator action of 
the increase in deep body temperature on heat production of Vant Hoff 
Arrhenius effect (Dawson and Whittow, 2000). In broiler chickens 
exposed to 30 ˚C, body temperature was significantly higher at relative 
humidity (RH) ranging from 40 to 55% than from 60 to 75% (Yahav, 
2000).    
1.4.2 Production performance  
        The changes in environmental temperature below and above the 
thermal comfort zone have a negative effect on bird performance. Both 
high and low environmental temperatures have negative effects on bird’s 
performance (Blahova et al., 2007). 
                    For many years, researchers have been investigating the 
effect of high environmental temperature on the performance of different 
poultry species, including turkeys (Kohne and Jones, 1976; McKee and 
Sams, 1997), young chickens (Henken et al., 1983), broilers (Cooper and 
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Washburn, 1998), broiler breeders (McDaniel et al., 1995), and laying 
hens (Emery et al., 1984; Muiruri and Harrison, 1991), these workers 
have found that high environmental temperatures have deleterious effects 
on productive performance. In laying hens, heat stress depresses body 
weight (Scott and Balnave, 1988), egg production (Whitehead et al., 
1998), egg weight (Balnave and Muheereza, 1997), and shell quality 
(Mahmoud et al., 1996), and is generally accompanied by suppression of 
feed intake, which could be the cause of the decline in production. Low 
environmental temperature increases feed intake and decreases body 
weight gain and feed efficiency, thus negatively influencing the 
performance of broiler chickens (Blahova et al., 2007). 
                   Egg laying of the domestic hen is completed with relatively a 
regular cycle of 24+2hr under a standard photoperiod such as 14hour 
lighting and 10 hour darkness (14L/10D) .This rhythm is caused by 
synchronization with endogenous rhythm participating in egg production 
and environmental cycle such as light and temperature (Yutaka et al., 
1997).The ovulatory cycle is derived from an intermeshing among 
consecutive growth of ovarian follicles and secretion of gonadotrophins 
and steroid hormones (Yutaka et al., 1997). Furthermore, it is generally 
accepted that the photoperiod plays a main role to the occurrence of 
reproductive functions in bird. The light-dark cycle is an important 
exogenous factor to determine sequential oviposition times (Yutaka et al., 
1997). The domestic hen kept under 14L/10D lays most of egg with 
intervals of approximately 24 hour or slightly more hours.  
The oviposition time can be shifted by manipulation of photoperiod 
(Naito et al., 1984).  
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          Low and high temperatures are stressful and have negative effects 
on production economy and animal welfare (Yunianto et al. 1997; 
Aengwanich and Simaraks 2004). 
1.4.2.1. Feed consumption 
            Current hypotheses assume that feed intake is controlled by the 
hypothalamus which responds to physical or chemical changes in the 
circulating fluids of the body (Smith, 1973). Amongst the signals that 
have been suggested is an internal thermal gradient, related to the fact 
that the body temperature of mammals does not remain constant 
(Brobeck, 1948). According to this theory, heat produced by heat 
increment of the diet raises the temperature of body and blood and the 
hypothalamus then responds to changes in blood temperature and adjusts 
total quantity of feed consumed (Richards, 2003). This theory would 
explain why animals and birds eat less food at high environmental 
temperatures than at low ones. As an alternative to the above hypothesis, 
Mayer (1955a) proposed the glucostatic theory. He proposed that 
"glucoreceptors" in the central nervous system (probably in the 
hypothalamus) are sensitive to the rate at which glucose is being utilized 
by them. Low utilization rates lead to hunger sensations and food intake, 
high utilization rates would produce the opposite effect.  
            The body weight and feed consumption were significantly 
reduced in hens exposed to heat stress (Mashaly et al., 2004). Hurwitz et 
al. (1980) indicated that the appetite is also decreased as a primary 
response to high temperature. In addition, Larbier et al. (1993) found that 
chronic heat exposure significantly decreased protein digestion and 
Bonnet et al. (1997) reported that the feed digestibility of the different 
components of the diet (proteins, fats, starch) decreased with exposure of 
broiler chickens to high temperatures. However, acute heat stress had no 
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adverse effects on dietary amino acid digestibility in laying hens 
(Koelkebeck et al., 1998). The lowered feed consumption of birds 
exposed to high temperature is an effort to lower endogenous heat 
production and reduce body temperature (Kirunda et al., 2001). 
 1.4.2.2. Egg production 
           Heat stress is a major concern in modern poultry farming. Its 
debilitating effect on egg production is well recognized, but the 
mechanism involved is not clearly understood. Reduced feed 
consumption may account for part of the impairment in reproduction and 
the effect of high environmental temperatures on the rate of egg 
production appears largely related to feed intake (Smith and Oliver, 
1972). Heat stress reduces the reproductive performance of laying hens 
by interrupting egg production, an effect caused, not only by a reduction 
in feed intake, but also by a disruption of hormones responsible for 
ovulation and a decrease in responsiveness of granulosa cells to 
luteinizing hormone (Donoghue et al., 1989; Novero et al., 1991). 
         The effect of seasonal variation on egg production in different 
geographic locations has shown that high environmental temperature is 
one of the major causes of decline in egg production during summer 
(Wolfenson et al., 1979). The maximum temperature associated with 
satisfactory laying performance of hens is approximately 30 ˚C at high 
relative humidity (Daghir, 1995). Egg production and feed efficiency 
decrease when ambient temperature rises above the thermoneutral and 
ambient temperatures above 32 ˚C are considered to have a detrimental 
effect on the performance of laying hens (Ensminger et al., 1990). 
            Egg production in laying hens decreased when they were exposed 
to high environmental temperature (Whitehead et al., 1998). The decrease 
in egg production was most likely due to the decrease in feed 
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consumption, reducing the available nutrients for egg production. Daniel 
and Balnave (1981) indicated that feed intake is reduced prior to 
subsequent loss in egg production. 
   1.4.2.3. Egg quality  
              Egg quality includes egg weight, shell weight, shell thickness, 
specific gravity, yolk index, and Haugh unit. Exposure of hens to high 
temperatures decreased egg weight, shell weight, shell thickness and 
specific gravity (Mashaly et al., 2004). Reduced appetite affects the 
laying performance and egg shell quality of hens exposed to high ambient 
temperatures, whereas egg production and egg weight are influenced to a 
major extent by the reduction in feed consumption, egg shell quality is 
influenced primarily by high temperature (Balnave and Muheereza, 
1997).  Kirunda et al. (2001) found that either high environmental or 
cyclic temperatures decrease egg weight due to the reduction in metabolic 
rate. 
 There is a critical balance among  Na, K and Cl in poultry and 
such balance ,which becomes at optimum level, ensures the recovery of 
the egg productivity, feed efficiency and the egg quality (Hughes, 
1988).In the metabolism of poultry, particularly in layers,  Na and HCO3⎯ 
have a distinguished importance in egg productivity and shell formation 
(Safameher and Nobakht, 2007). The formation of the egg shell in poultry 
is affected by acid-base balance in blood because the acid-base balance is 
a restrictive factor for accumulation of CaCO3 in the egg shell. Mongin 
(1968) noted that the first restrictive factor of the shell formation was the 
Ca and the second was the bicarbonate ions as the breakage, which was 
observed in egg shell in hot weathers, had been caused by a certain 
decrease in blood CO2 level depending on the increase in respiratory 
frequency. The hyperventilation and respiratory alkalosis that occur when 
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hens are exposed to high temperatures are reflected in a loss of CO2 from 
the blood and associated losses of HCO3⎯ from the blood and body fluids. 
This loss of CO2 is accentuated by the need for blood HCO3⎯ to buffer the 
hydrogen ions produced during eggshell formation (Makled and Charles, 
1987). A reduced HCO3⎯ concentration in the lumen of the shell gland 
adversely affects eggshell quality (Balnave et al., 1989). 
The decrease in shell quality is partially attributed to a reduction in 
plasma calcium. Mahmoud et al. (1996) reported that plasma Ca level 
and Ca uptake by duodenal epithelial cells were significantly decreased in 
laying hens when the birds were exposed to high temperatures, and 
suggested that alterations in acid-base balance, the status of Ca and 
diminished ability of duodenal cells to transport Ca could be critical 
factors in the detrimental effects of heat stress on egg production, egg 
shell characteristics, and skeletal integrity often documented in laying 
hens. 
       High temperature results in reduced Haugh units and yolk index 
(Sahin and Kucuk 2001a) .The decline in Haugh unit scores and yolk 
index in heat-stressed birds is likely due to reduced protein synthesis and 
greater excretion of water into egg albumen (Ahmad et al., 1967). 
1.4.3. Haematological values 
The blood system is particularly sensitive to change in temperature, 
being an important indicator of physiological responses in birds to 
stressing agent. Quantitative and morphological changes in blood cells 
are associated with heat stress and are translated by variation in PCV 
values and number of circulating leukocytes, erythrocytes and 
haemoglobin contents (Vecerek et al., 2002). Blood is not only a medium 
for transporting nutrients, metabolic waste products and gases around the 
body, but also plays an important role in the thermoregulation. The 
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several systems that participate in thermoregulation operate through 
modulation of heat production and/or heat loss. The cardiovascular 
system may affect both processes by modulation of heat dissipation on 
one hand, and by oxygen transport on the other (Yahav et al., 1997). 
Expansion of plasma volume was observed during the need for heat 
dissipation, such as in heat exposure of chickens (Whittow et al., 1964). 
Moreover, thermoregulation is compromised during osmotic stress, which 
may result in volume constriction or prevent volume expansion (Arad et 
al., 1989). Changes in the cardiovascular system to accommodate oxygen 
needs were observed in birds adapted to low ambient temperatures 
(Shlosberg et al.,  1996).These changes include increase in blood volume 
and haematocrit/haemoglobin concentration and were often accompanied 
by compensatory changes in heart weight(Palomeque and Planas, 1978). 
The increase in energy requirement as a result of exposure to low 
environmental temperature implies necessary changes in the 
cardiovascular system to accommodate the energy needs. Thus, increases 
in PCV, haemoglobin concentration, blood volume, liver and heart weight 
have been observed in broiler chickens exposed to low environmental 
temperature (Yahav et al. 1996). 
1.4.3.1. Haemoglobin and PCV values  
         Haemoglobin is the principal component of erythrocytes and 
functions not only as an important acid-base buffer for blood but also 
transports oxygen. Haemoglobin concentration and PCV values are 
important haematological parameters, which are of importance in the 
assessment of health status and disease of birds (Hawkey et al., 1984), 
and are good indices of livestock adaptability to prevailing environmental 
conditions (Kaushish et al., 1976). The value of PCV is also a good 
indicator of the haemogram, especially of the number of circulating 
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erythrocytes and haemoglobin (Benjamin, 1985), beside the plasma 
volume.  
         Higher temperatures have impact on homeo-poetic processes as 
mention by Jamadar and Jalnapurkar (1995). 
       Datta et al. (1996) reported that the total erythrocytes and leukocytes 
and also content of haemoglobin increased in ducks when being exposed 
to lower or higher temperatures. Also Vecerek et al. (2002) found that the 
total leukocytes count increased but haemoglobin concentration 
decreased in broiler chickens that were fattened under higher 
environmental temperature. 
        During the heat-stress, haemoglobin concentration was decreased in 
domestic turkey (Comito et al., 2007). Also a decrease in haemoglobin 
concentration and PCV values in broilers chicks was reported following 
exposure to heat (Zhou et al., 1999). Moreover, long term exposure to 
high ambient temperature (30±1°C) caused a significant decrease in 
haemoglobin levels and PCV values in broilers (Bedanova et al. 2003).  
Lower levels of haemoglobin in the chicken blood can relate to the effect 
of higher environmental temperature on changes in distribution of iron in 
the organs of broilers (Jamadar and Jalnapurkar ,1995). 
       PCV values also vary with the ambient temperature at which birds 
are reared. Deyhim and Teeter (1991) found that exposure of chickens to 
high temperatures caused a decrease in PCV values. Yahav and Hurwitz 
(1996) found a decrease in PCV values in male broiler chickens exposed 
to 24 h of (30±1°C). However, low environmental temperature increased 
PCV values and haemoglobin concentration in broiler chickens (Blahova 
et al., 2007). 
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1.4.3.2. Heterophil/Lymphocyte ratio (H/L ratio). 
       Heterophils (H) are granulated lekcocytes formed from myelocytes in 
the bone marrow. They are phagocytic cells designed to defend the 
organs against infections or foreign bodies, such as viruses, bacteria and 
other particles (Maxwell and Robertson 1998). They are preset in 
abundance in infection sites as they are attracted by chemotactic 
compound from injured cells. Lymphocytes (L) are non-granulated 
leucocytes formed in lymphoid tissues. They play an important 
physiological role in immunity, particularly for the production of 
antibodies (Guyton and Hall, 2000). 
 Several studies have been conducted on the effects of high 
temperature on the immune responses of chickens, with variable results. 
Thaxton et al. (1968) were the first to demonstrate that high 
environmental temperatures (44.4 - 47.8°C) affect the development of 
specific immune responses in young chickens. These effects were 
reported to include the suppression of circulating white blood cells 
(WBC) (Nathan et al., 1976; Heller et al., 1979) and an increase in the 
heterophil/lymphocyte ratio (Mogenet and Youbicier-Simo, 1998). One 
of the physiological responses to exposure to stress is release of 
glucocorticoids, causing dissolution of lymphocytes in lymphoid tissues, 
leading to lymphopenia (Borges et al., 2004). However, there is an 
increase in heterophils released by the bone marrow, thus increasing their 
number in circulation, but their phagocytic and bactericidal activity are 
decreased. As a result of the increase in heterophil and reduction in 
lymphocyte, the heterophil/lymphocyte ratio (H:L) is altered and has been 
proposed as a sensitive and reliable measure of stress in birds. Bedenova 
et al. (2003) reported an increase in heterophil/lymphocyte ratio during 
heat stress as a consequence of decrease in lymphocyte counts and also to 
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a slight increase in heterophil counts. Maxwell and Robertson (1998), on 
the other hand, have hypothesized that an increase in the 
heterophil/lymphocyte ratio in chickens under heat stress is attributable 
mainly to the increase numbers of heterophil under stress and also 
claimed that the heterophil/lymphocyte ratio in chickens can be used as a 
reliable indicator in physiological stress because high stress may cause 
heteropenia. Maxwell (1993) noticed development of heteropenia and 
basophilia in fowls under extreme stress conditions and concluded that 
heterophil/lymphocyte ratio can therefore be an accurate stress indicator 
only in the case of weak and mild stress. McFarlane and Curtis (1989) 
indicated that heterophil/lymphocyte ratio was increased by heat stress. 
They further noted that a 7 day increase in ambient temperatures (30.4 
and 34.8 °C) caused an increase in the heterophil/lymphocyte ratio in 
female broiler chickens.  
          Chicken leukocyte changes in response to heat stress were 
considered to be more reliable indicator to heat stress than plasma 
corticosterone values (Gross and Siegel, 1983). Altan et al. (2000) 
reported an increase in the heterophil/lymphocyte ratio caused by heat 
stress in broilers. Leukocytes responses also have been used as an 
indicator of cold stress in poultry. Wolford and Ringer (1962) observed 
an increase in lymphocytes when hens were exposed to cold (0 °C) for 15 
hours without feed and water. Similarly, Gross (1989) reported that 
following exposure to 6°C for 30 min, the heterophil/lymphocyte ratio 
increased to peak values, and one day after cold stress this ratio returned 
to pre-exposure levels. 
1.4.4. Blood metabolites 
        Blood metabolites such as glucose, total protein and 
cholesterol may be affected by environmental factors such ambient 
 20
temperature. Soliman and Huston (1974) indicated that the plasma 
cholesterol level decreases to significant level at high ambient 
temperatures. Ueno et al. (1978) reported that the change in plasma total 
protein and total cholesterol levels were depending on the increase of the 
environmental temperature. Also it was noted that the blood glucose 
concentration increased and total plasma protein concentrations decreased 
in broilers exposed to high environmental temperature (Donkoh, 1989). 
In studies which were carried out on layers , decreases in plasma total 
protein and total cholesterol levels were observed in hens exposed to35°C 
(Poyraz et al., 1991). 
  Bogin et al. (1981) observed that in broilers heat stress for 2 hr 
caused a drop in inorganic phosphorus and calcium, while blood glucose 
was not affected. Arad et al. (1983) found that high ambient temperature 
decreased blood glucose, total protein, albumin, uric acid, and cholesterol 
levels in Leghorn hens. Nevertheless, Sahin et al. (2001) found that high 
ambient temperature increased some serum metabolites such as glucose, 
urea, triglyceride and cholesterol levels, while total protein and albumin 
values were decreased in Japanese quails. Similarly, in studies by Ozbey 
et al. (2004), it was found that high ambient temperature increased serum 
levels of glucose, triglyceride, cholesterol and uric acid, while levels of 
serum protein and albumin decreased. Heat stress induced increase in 
glucose concentration could also be a direct response to enhanced 
adrenaline, noradrenaline and glucocorticoids secretion, glucocorticoids 
have primary effect on metabolism, stimulating gluconeogensis from 
muscle tissue protein, lymphoid and connective tissue and resulting in 
increase in blood glucose concentration (Tanveer, 2004). 
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1.4.5 Serum inorganic constituents 
1.4.5.1. Serum sodium (Na) and potassium (K) 
 Na, K and Cl are essential irons that play a major role in the 
osmotic regulation of the body fluids and maintenance of acid-base 
balance in the body (Borges et al., 2004a). Therefore, the effect of ionic 
balance in the diet on broiler performance can be related to variations in 
the body acid-base balance (Mongin, 1981). The blood electrolyte 
balance is also closely associated with blood pH, gas pressure and 
bicarbonate concentration (Darree et al., 1980 ; Mather et al., 1980). K is 
the main cation of the intracellular fluid and is found in most cells, 
including red blood cell, while Na and Cl are the main ions of the 
extracellular fluid and are found in high concentrations in the blood 
plasma. Osmoregulation is achieved by the homeostasis of these 
intracellular and extracellular ions. Under optimal conditions, water and 
electrolyte contents are kept within narrow limits. However, electrolyte 
Na and K loss without any change in body water content reduces the 
osmolality of these fluids (Borges et al., 2007). 
         Na makes up approximately 93% of the total cations of the plasma 
(Leeson and Summers, 2001) and is almost completely absent from blood 
cells. That is why it is the main basic element governing pH of the 
plasma. Other than this, the main functions of Na include maintenance of 
body fluid volume and optimum osmotic relationship (Tanveer, 2004).  
           K is readily absorbed from the upper small intestine and excreted 
from the body primarily through the urine. The K is involved in many 
metabolic processes, including nerve impulse, excitement, muscle 
contraction, synthesis of protein, minimizing arginine-lysine antagonism, 
maintenance of intracellular homeostasis, enzymatic reactions, osmotic 
balance and water and acid-base balance (Miller, 1995). As a 
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consequence, changes in K homeostasis can affect cell functions. The Na-
K pump mechanism that requires energy as ATP helps to maintain the 
proper levels of Na and K. This mechanism requires more than a third of 
the ATP energy consumed by resting animals (Milligan and Summers, 
1986). 
In mammals, during respiratory alkalosis the decline in hydrogen 
concentration within renal tubular cells causes increased secretion of K 
due to competition between H ion and K ion for reabsorption in the distal 
tubule (Harper et al., 1977).This in turn prevents H ion removal and may 
result in acidosis. When this mechanism is present in birds, it may 
increase K during heat stress. Plasma Na, K and Cl levels are affected by 
heat stress. During heat stress the concentrations of blood serum Na and 
K decreased(Tanveer, 2004), while serum Cl increased(Belay and Teeter, 
1993).The decrease in K level is related to enhanced urinary excretion as 
excess K ion competes with buffer anions in the renal tubule fluid, that 
increased H iron reabsorption and ultimate development of acidosis 
(Bacila, 1980). Cunningham (1999) showed that the intercalated cells of 
the collecting duct, which secreted acid, also secreted hydrogen ion, and 
this process enhanced by hypokalemia and seemed to be a strong 
contributor to renal acidification. 
    The K excretion is influenced by hormonal factors (aldosterone, 
anidiuretic hormone and deoxycorticosterone), acid-base balance and 
cation balance (Borges et al., 2007). K excretion rate by urine is variable, 
being connected to serum Na concentrations and the bird’s hydration 
status. Serum K level decreased during heat stress and this decrease in K 
plasma level was attributed to an increase in excretion of this ion during 
chronic stress and an increase in intracellular potassium, which is 
ordinarily found in acute stress (Tanveer, 2004). 
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1.4.5.2. Serum calcium (Ca) 
         Eggshell quality can be influenced by many factors including 
mineral nutrition. The major inorganic constituents of avian eggshells are 
Ca, Mg and P (Cusack et al. 2003). Both excess and deficiency of Ca will 
negatively affect the shell quality. An egg contains almost 2 grams Ca; 
hence an average of 4 grams of Ca intake per day is required by a layer to 
maintain good shell quality since only 50 - 60% of dietary Ca is actually 
used in shell formation (Jeffrey and Graham, 2007). 
        During the last 15 hours of shell formation, Ca movement across the 
shell gland reaches a rate of 100-150 mg/hr (Jeffrey and Graham, 2007). 
This process draws Ca from two sources diet and bone. The formation of 
egg shell in poultry is affected by the blood acid-base balance (Nobakhat 
et al., 2006). Ca is the most important factor of the eggshell formation 
and carbonate ion is the second factor. In hot weather the respiratory 
frequency s increased and respiratory alkalosis occurs. In this situation, 
CO2 from the blood and HCO3⎯ from the blood and body fluid are lost 
(Balnave and Muheereza, 1997). This loss of CO2 is accentuated by need 
for the blood bicarbonate to buffer the hydrogen iron produced during 
egg shell formation (Makled and Charles, 1987). Also Mongin (1968) has 
noted that the breakage, which was observed in eggshell in hot weather, is 
caused by a certain decrease in blood CO2 level depending on the increase 
in respiration rate. During shell formation, plasma Na and Cl 
concentrations decrease and K, Ca, Mg and glucose concentrations 
increase in the uterine fluid (Arad et al., 1989). The higher blood pH 
reduces the amount of ionized Ca in the blood (Odom et al., 1986), which 
is the form of Ca utilized by the shell gland. Also, in laying hens, blood 
HCO3⎯ plays an important role in formation of the CaCO3 required for 
eggshell formation. In metabolism of poultry, there is a critical balance 
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among the Ca, Na, K and Cl, and such balance, which becomes at 
optimum level, ensures the recovery of the egg productivity, feed 
efficiency and the egg quality (Hughes, 1988). 
                 Plasma mineral concentrations during the laying period can be 
influenced by many factors, such as laying rate and energy requirements 
(Suchy et al., 2001), partial quantitative feed restriction(Sahin and Kucuk 
2001), mineral supplements (Eren et al. 2004) and ambient temperature 
(Vecerek et al., 2002). In birds the plasma levels of Ca, Na, P and Mg are 
depressed during heat stress. Kohne and Jones (1975) found that high 
temperatures produced decreases in plasma Na, Ca and Mg, but increases 
in plasma K for turkey hens. Bogin et al. (1981 ), using commercial 
broilers, documented that heat stress for 2 hrs caused a drop in P and Ca. 
Using laying hens, Arad et al. (1983) found that acute heat stress did not 
adversely affect plasma levels of Na, K, and K; however, plasma (P) was 
depressed compared with non-heat stress birds. Acute heat exposure did 
depress plasma total Ca but only after body temperature exceeded 45°C 
in birds (Edens 1976). 
         During heat stress, Ca intake is reduced as a direct consequence of 
reduced feed intake, and this stimulates bone resorption resulting in 
hyperphosphatemia. This inhibits the formation of calcium carbonate in 
the shell gland (Mahmoud et al., 1996). 
1.4.6. Serum enzymes 
          Some blood enzymes such as alanine aminotransferase (ALT) and 
aspartate aminotrasferase (AST) are affected by heat stress. 
       Heat stress tends to cause the core body temperature in chicken to 
rise and temperature of organs like liver can increase even above that of 
core (Rowell et al., 1968). Cardiovascular adjustments in response to heat 
include vasodilatation in the cutaneous vascular bed and vasoconstriction 
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in hepato-splanchic vascular area (Richardson et al., 1991). This 
associated with fall in the hepatic venous oxygen content and significant 
increase in the release of hepatic glucose suggests hepato-splanchic 
hypoxia (Rowell et al., 1968). This condition causes hepatocellular 
damage and a rise in serum alanine aminotransferase (ALT) and serum 
aspartate aminotransferase (AST) (Farkouh et al., 1971).  
            Increase in the level of ALT and AST in man indicate the 
occurrence of liver cell necrosis (Kew et al., 1971) as it does in 
experimental animals (Deswal, 1995). Albers et al. (1975) found that 
serum level of AST and was increased in dogs exposed to 40°C. The 
increases in enzyme may indicate damage of liver and cardiac tissue 
(Spurr, 1972). The activities of ALT and AST enzymes increased 
significantly in the blood plasma of the Japanese quil exposed to high 
temperature, However, these enzymes decreased significantly in the liver 
due to heat stress in Japanese quil ( Niparat et al., 2002). On other hand, 
the activities of plasma AST and ALT were not significantly increased in 
Japanese Quail exposed to 39±1˚C (Faisal et al., 2008). 
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CHAPTER TWO 
MATERIAL AND MEHTODS 
 
2.1 Experimental birds 
Thirty laying hens of exotic breed (white Hisex) were purchased 
form a commercial farm in Khartoum North and thirty laying hens of 
local breed were purchased from the market in Umdorman. The exotic 
breed and local breed of hens were of the same age of egg production (6 
months) were used in the studies. The laying hens represented two groups 
according to the breeds (exotic breed and local breeds).  
2.2. Climatic conditions 
The meteorological data (maximum and minimum temperature and 
relative humidity) were obtained from the Shambat Meteorological 
station Ministry of Science and Technology. The mean ambient 
temperature (computed from the weekly average of maximum and 
minimum values) and relative humidity in winter and summer are shown 
in Tables 1 and 2. 
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Table 1: Average weekly values of (maximum, minimum and mean) 
ambient temperature (Ta) and relative humidity (RH) during winter 
(January – February, 2008).    
Winter   Ta(˚C)  RH (%) 
        
  Maximum Minimum Mean    
        
1st wk  32.2 15.2 23.7  33  
2nd wk  31.6 14.8 23.2  32  
3rd wk  31.0 14.8 22.9  37  
4th wk  29.8 15.1 22.5  27  
5th wk  31.2 16.4 23.8  36  
6th wk  31.7 16.6 24.2  30  
7th wk  31.0 15.9 23.5  29  
8th wk  31.3 16.2 23.8 31  
Mean ± SD                    31.2±0.66     15.6±0.68    23.6±0.52  
 
Table 2: Average weekly values of (maximum, minimum and mean) 
ambient temperature (Ta) and relative humidity (RH) during summer 
(May – June, 2008).    
Summer   Ta(˚C)  RH (%)  
        
  Maximum Minimum Mean    
        
1st wk  39.6    23.4    31.5  12  
2nd wk  41.1    23.6    32.4  17  
3rd wk  41.2    25.0    33.1  24  
4th wk  41.5    25.7    33.6  25  
5th wk  42.0    27.6    34.8  20  
6th wk  41.4    27.1    34.3  36  
7th wk  40.7    27.6    34.2  33  
8th wk  41.5    27.8    34.7  34  
Mean ± SD                  41.1±0.67      25.9±1.7      33.5±1.1  
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2.3 Housing 
The study was performed at the Department of Physiology. During 
the study the birds were kept in poultry farm house is made of concrete 
floor, zinc roof, wire net sides with dimensions of (24 m×15 m×3 m) and 
situated in an east- west orientation. The house was divided into 24 wire 
cages, each with dimensions of (1 m × 1 m × 0.8 m height). 
The poultry house was cleaned and disinfected with 40% formalin. 
The floor was covered with a thin layer of fresh wood shaving. Manual 
feeding and drinking equipment were used. Light was provided daily for 
16 hrs (natural and artificial). Florescent light source was used.    
2.4 Feeding   
The laying hens were fed formulated diet of laying hens during the 
experimental period in winter and summer seasons. The proximate 
analysis and ingredient of the formulated diet fed to the laying hens is 
shown in Table 3 and 4. The proximate analysis was performed in the 
Department of Nutrition, Faculty of Animal Production, University of 
Khartoum. 
Table 3: Analysis of diet used to feed the laying hens 
Ingredients (%) 
Dry matter 95.25 
Fat 3.48 
Crude protein 17.49 
Crude fibre 6.98 
Ash 19.36 
 
ME (kcal/kg) = 10[(3.5 x CP) + (8.5 x CF) + (3.5 x NFE)];  
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NFE= % nitrogen-free extract (carbohydrate) 
 
Table 4: Ingredients of diet used to feed the laying hens 
Ingredients (%) 
Sorghum 64.0 
Ground nut cakes 19.5 
Wheat bran 3.5 
Layer concentrate 5.0 
Di-calcium phosphate 0.4 
Calcium carbonate 7.0 
Methionine 0.1 
Lysine 0.1 
Vegetable oil 1.5 
 
2.5. Experimental plan 
The study was carried out using a local and an exotic breed (White 
Hisex) of laying hens during winter (January and February) and summer 
(May and June) at the Department of Physiology, Faculty of Veterinary 
Medicine, University of  Khartoum- Shambat at latitude (16º N). Each 
group divided to six replicate.   
             The effect of season on changes in rectal temperature, feed 
intake, egg production, egg weight, egg shell weight, egg shell thickness 
and blood constituents were evaluated in local and exotic breed of laying 
hens. The rectal temperature, feed intake, egg production, egg weight, 
egg shell weight, egg shell thickness were measured and blood samples 
were collected 
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weekly starting from the first week of the experiment during each of the  
winter and summer. The samples were collected from 2 hens/replicate. 
The haematological parameters were determined immediately after blood 
sampling, whereas the serum metabolites, enzymes and minerals were 
analyzed later in samples kept frozen at -20 ºC. A similar experimental 
protocol was executed during typical winter and summer condition. 
2.6. Rectal temperature 
A digital thermometer (ACON) was used to measure the rectal 
temperature of the birds. The probe of the thermometer was inserted 
approximately 5 cm into the rectum and the body temperature was 
recorded when the reading was steady. 
2.7. Feed intake 
Hens in each replicate were offered an equal amount of feed. The 
actual feed intake was obtained by subtracting the weight of the refused 
feed from the weight of the feed offered, using digital balance (KWANG 
PING Product Co. LTD, India). Feed intake was obtained weekly and 
expressed as g/hen/week. 
2.8. Egg production 
Eggs were collected twice a day and the individual egg weight was 
determined by using sensitive digital balance (Sartorius- Type- 1403). 
2.9. Eggshell weight 
  The shell weight was measured by using sensitive digital balance 
(Sartorius- Type-1403). 
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2.10. Eggshell thickness  
The shell thickness was measured by using a vernier caliper (Karl 
Kolb- West Germany).  
2.11. Blood analysis 
2.11.1 Collection of blood samples 
The blood samples were collected form the wing vein of the hens 
using a sterile disposable syringe (27-gauge needle). A sample of 3 ml of 
blood were collected from each hen and immediately preserved in two 
test tubes. One tube with sodium fluoride as anticoagulant and the other 
tube without anticoagulant. The blood in the tube with anticoagulant was 
used for determination of packed cell volume (PCV), haemoglobin 
concentration (Hb), differential leukocyte count (DLC) and plasma 
glucose level. The blood in the tube without anticoagulant was allowed to 
stay for 3 hours at room temperature, then centrifuged at 300 r.p.m. for 15 
min. Haemolysis-free serum samples were separated and transferred to 
clean plastic vials, and immediately frozen at -20 ºC for the 
determination of cholesterol, total protein, calcium, potassium, sodium 
and enzymes related to heat stress alanine aminotransferase (ALT) and 
aspratete aminotansferase (AST). 
2.11.2 Haematological values 
2.11.2.1 The packed cell volume (PCV) 
The PCV of erythrocytes as percentage of whole blood was 
measured using a microhematocrit centrifuge (Hettich-Germany). Plain 
capillary tubes were filled with blood to approximately ¾ and one end 
was sealed by cristaseal. Then the tubes were centrifuged at 12000 r.p.m. 
for 5 min. The PCV was measured as percentage of whole blood using 
the reader. 
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2.11.2.2. Haemoglobin concentration (Hb) 
Hb concentration was determined by cyanmethaemoglobin method 
as describe by Van Kampen and Zijlstra (1961). 
Principle 
Ferrous ions of Hb are oxidized to the ferric state by potassium 
ferricyanide to form methaemoglobin, which reacts with cyanide to form 
cyanmethaemoglobin that can be measured colorimetrically. 
Reagents 
Cyanide reagent (Drabkin’s solution) 
The reagent was prepared by dissolving 0.2g potassium cyanide, 
0.05g of ferricyanide and 0.14g of potassium hydrogen diorthophosphate 
in 1 litre of distilled water. 
Standard Hb solution 
One ml of human Hb standard (Biosystem-Spain), with a 
concentration of 14.6 g/dL was used as standard. 
Procedure 
Dry clean test tubes were prepared for sample and standard. To 
each tube, 4 ml of cyanide reagent were added. Then 0.02 ml of blood 
sample and Hb standard solution were added to the samples and standard 
tube, respectively. The tubes were allowed to stand for 15 min, and then 
the optical density (O.D) was read at 540 nm in the colorimeter using 
cyanide reagent as blank. 
Calculation 
                            Hb concentration (g/dl) =     O.D sample   × 14.6 
                                                                         O.D standard 
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2.11.2.3 Differential leukocyte count (DLC)  
The percentage of lymphocytes, neutrophils, monocytes, 
eosinophils, and basophils were determined microscopically from a count 
of 100 leukocytes in thin, Giemsa May-Grünwald-stained blood smears 
(Kelly, 1984) 
Preparation of blood smear  
The blood smear was prepared from freshly drawn blood by 
placing a drop of blood in centre line near the end of a clean slide. Then 
the blood was spread using the spreader slide. The smear was dried at 
room temperature and fixed in absolute methyl alcohol for 5 min. 
Staining the blood smear  
Giemsa stain was prepared by transferring 3.8 g of Giemsa powder 
to a dry brown bottle; 250ml of methanol were added to stain and mixed 
well. Then 250 ml of glycerol were also added to the stain and mixed 
well. The stock solution of the stain was kept at room temperature. For 
use, the prepared Giemsa stain was diluted 1: 10 with distilled water. 
May-Grünwald stain was prepared by transferring 0.15 g of 
powder to a dry brown bottle; 100 ml of methanol was added to the stain 
and mixed well. 
The smear was covered by May-Grünwald stain for 3 min, then 
distilled water was added and left for 1 min and then drained. Then the 
smear was stained with diluted Giemsa stain for 15 min. The smear was 
rinsed well in distilled water and allowed to dry. 
Performance of DLC 
The blood film was examined using the oil immersion lens (×100) in the 
ideal area of the film. To give representative sampling of all portions of 
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the film, examination of the blood film was done by battlement method. 
The DLC was performed in duplicate by counting and classifying 100 
leukocytes. 
2.11.3. Blood metabolites 
2.11.3.1. Plasma glucose 
Glucose concentration was determined using the enzymatic method 
using a kit (Randox laboratories Ltd-London). 
Principle 
The serum glucose concentration is determined by enzymatic 
oxidation in the presence of glucose oxidase. The hydrogen peroxide 
formed reacts with phenol and 4- aminophenazone to form a red-violet 
dye as indicator. 
      Glucose + O2 + H2O    Glucose oxidase    Gluconic acid + H2O 
Reagents   
The reagent consists of 0.1 mmol/l of phosphate buffer (pH: 7.0), 
1.1 mmol phenol, 0.77 mmol 4-aminophenazone, 1.5 IU/L glucose 
oxidase and 1.5 IU/L peroxidase. The standard was prepared by 
dissolving 100 mg of glucose in 100 ml of distilled water. 
Procedure 
For the test, 0.01 ml of serum was added to 1 ml of glucose 
reagent. For standard, 0.01 ml of standard was added to 1 ml of reagent. 
The contents of tubes were mixed and allowed to stand for 30 min at 
room temperature. Then the optical density (O.D) of the sample and 
standard were read at 520 nm using spectrophotometer (6305. Jenway, 
U.K). 
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Calculation 
Plasma glucose concentration (mg/dl) =   O.D sample × 100 
                                                                            O.D standard   
2.11.3.2 Serum total protein                                                                                             
  Serum total protein was determined using a kit (SPINREACT, S.A. 
SPAIN). 
Principle 
Serum total protein concentration is determined by give an 
intensive violet-blue complex with copper salts in an alkaline medium. 
Iodide is included as antioxidant. The intensity of colour formed is 
proportional to the total protein concentration in the sample.  
Reagent 
The Biuret reagent consists of 15mmol/l of sodium potassium 
tartrate, 100 mmol/l of sodium iodide, 5mmol/l of potassium iodide and 
19 mmol/l of copper sulphate. The reagent and standard of total protein 
were ready to use. 
Procedure 
The blank was prepared by adding 1.0 ml Biuret reagent to the 
blank tube, 25 µl of serum was added to 1.0 ml Biuret reagent to prepare 
sample tube. The standard tube was prepared by mixing 25 µl of total 
protein standard to 1.0 ml of Biuret reagent were read against the blank 
using spectrophotometer (6305.Jenway, U.K). 
Calculation 
Serum total protein concentration (g/dl) =          O.D Sample   × 7 
                                                                                      O.D Standard 
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 2.11.3.3 Serum cholesterol 
Serum cholesterol was determined using a kit (SPINREACT, S.A.  
 SPAIN). 
Principle 
Serum cholesterol concentration is determined by enzymatic 
hydrolysis to release cholesterol and its esters from lipoprotein by 
cholesterol esterase (CHE). 
Cholesterol ester + H2O        CHE         Cholesterol + Fatty acid  
The ester is formed in the subsequent enzymatic oxidation of 
cholesterol by cholesterol oxidase (CHOD). 
     Cholesterol + O2    CHOD      4-cholesterol + H2O2 
      The hydrogen peroxide formed reacts with phenol and                          
4-aminophenazone by peroxidase (POD) to form a pink dye as indicator. 
   2H2O2 + Phenol + 4-aminophenazone    POD          Quinonimine + 4H2O 
Reagents 
R1: (buffer) consists of PIPES: 90 mmol/l, pH 6.9 and phenol 26 mmol/l. 
R2: (enzymes) consists of cholesterol esterase (CHE): 300 U/L, 
Cholesterol oxidase (CHOD): 300 U/L, peroxidase (POD): 1250 U/L and                          
4-aminophenazone (4-AP): 0.4 mmol/l. 
The cholesterol standard was prepared by dissolving 200 mg 
cholesterol in100 ml distilled water. 
Working reagent was prepared by dissolving the content of vial 
reagent 2 (enzymes) in bottle of reagent 1 (buffer), mixing gently to 
dissolve the contents. 
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Procedure 
The blank was prepared by adding 1.0 ml working reagent to the 
blank tube, 10 µl of serum was added to 1.0 ml working reagent to 
prepare sample tube. The standard tube was prepared by mixing 10 µl of 
cholesterol standard to 1.0 ml of working reagent were read against the 
blank using spectrophotometer (6305.Jenway, U.K). 
Calculation 
Serum cholesterol concentration (mg/dl) =  O.D Sample × 200 
                                                                      O.D Standard 
2.11.4 Serum inorganic constituents 
2.11.4.1 Serum calcium (Ca) 
Serum Ca concentration was determined using a kit (Liner 
chemical- Spain). 
Principle 
The method is based on the specific binding of cresolftalein 
complex (OCC), a metallochromic indicator, and calcium at alkaline pH 
with the resulting shift in the absorption wavelength of the complex. The 
intensity of cromophore formed is proportional to the concentration of 
total calcium in the sample. 
  OCC + Calcium           pH 10.7         OCC-calcium complex 
Reagent 
R1: OCC indicater; 0.16mmol/l, O-Cresolphtalein 7mmol/l,8-quinolinol 
60mmol/l. 
R2: OCC buffer: 0.35 mol/L: AMP, pH 10.7.  
The standard was prepared by dissolving 10 mg of calcium in 100 
ml of distilled water. 
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Procedure 
First, working reagent was prepared by mixing 1 volume of R1 to 1 
volume of R2. For the test, 0.01 ml of serum was added to 1 ml of 
working reagent. For standard, 0.01 ml of standard was added to 1 ml of 
working reagent. The contents of tubes were mixed and allowed to stand 
for 2 min. at room temperature. Then the optical density (O.D.) of the 
sample and standard were read at 570 nm using the spectrophotometer 
(6305.Jenway, U.K). 
Calculation 
          Serum total Ca concentration (mg/dl) =   O.D Sample  × 10 
                                                                           O.D Standard 
2.11.4.2 Serum sodium (Na)  
The concentration of Na in serum was determined by flame 
photometer technique (PFP7 Jenway, E.U). 
Reagent 
2 ml sodium and potassium standard solution of Na (120mg/dl) and 
K (5mg/dl) diluted in 200 ml of distilled water. 
Procedure 
A volume of 0.1 ml of serum was diluted with 9.9 ml of distilled 
water in a test tube. The zero reading was adjusted by distilled water and 
the standard adjusted to setting of 120 using standard solution. Then the 
sample Na concentration was measured using flame photometer. 
2.11.4.3 Serum potassium (K)  
The concentration of K in serum was determined by flame 
photometer technique (PFP7 Jenway, E.U). 
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Reagent 
2 ml sodium and potassium standard solution of Na (120mg/dl) and 
K (5mg/dl) diluted in 200 ml of distilled water. 
Procedure 
A volume of 0.1 ml of serum was diluted with 9.9 ml of distilled 
water in test tube. The zero reading was adjusted by deionized water and 
the standard adjusted to setting of 5 using standard solution. Then the 
sample K concentration was measured using flame photometer.  
2.11.5 Serum enzymes  
2.11.5.1 Alanine aminotransferase (ALT)  
Serum ALT activity was determined by the UV enzymatic method 
using a kit (Liner chemical- Spain). 
Principle 
Alanine aminotransferase, ALT catalyzes the transfer of amino 
group from alanine to oxyglutarate with the formation of glutamate and 
pyruvate. 
The latter is reduced to lactate by lactate dehydrogenase (LDH) in the 
presence of reduced nicotinamide adenine dinucleotide (NADH).The 
reaction is monitored kinetically at 340 nm by the rate of decrease in 
absorbance resulting from the oxidation of NADH to NAD, proportional 
to the activity of ALT present in the sample. 
L-Alanine + 2-oxoglutarate     ALT     L-glutamate + Pyruvate 
Reagent 
(R1)  ALT substrate: 150 mmol/L: TRIS buffer, 750 mmol/L : L-
alanine, 1350 U/L: lactate dehydrogenase. 
(R2)  ALT coenzyme: 1.3 mmol/L NADH, 75 mmol/L 2-oxoglutrate. 
 
 
 40
Procedure 
First, working reagent was prepared by mixing 4 ml of (R1) + 1 ml 
(R2),  0.1 ml of sample was added to 1 ml of working reagent in the 
cuvette at 30˚C , the content of cuvette was mixed and inserted into cell 
holder with  340 nm wavelength, incubated for 1 min and the initial 
reading was recorded. The difference between readings were calculated, 
the mean of results was calculated to obtain the average change in 
absorbance per min (∆A/min). 
Calculation 
Serum ALT activity (U/L) = ∆A/min X 1746 
2.11.5.2 Aspratate aminotrasferase (AST)  
Serum AST (GOT) activity was determined by the UV enzymatic 
method using a kit (Liner chemical- Spain)   
Principle 
Aspartate aminotransferase (AST) catalyzes the transfer of the 
amino group from aspartate to oxoglutarate with the formation of 
glutamate and oxalacetate. The latter is reduced to malate by malate 
dehydrogenase (MDH) in the presence of reduced nicotin amide adenine 
dinucleotide (NADH). 
The reaction was monitored kinetically at 340 nm by the rate of 
decrease of absorbance resulting from the oxidation of NADH to NAD, 
proptional to the activity of AST present in the sample. 
L-Aspartate + 2-Oxoglutarate          AST            L-Glutamate + 
Oxalacetate 
Oxalacetate + NADH + H+              MDH           L-Malate + NAD+Reagent 
(R1):  AST substrate: 121 mmol/l: TRIS buffer, 362 mmol/l: L-
aspartate, 460 U/L: malate dehydrogenase, 600 U/L: lactate 
dehydrogenase. 
 41
(R2):  AST coenzyme: 1.3mmol/l: NADH, 75 mmol/l: 2-oxoglutrate. 
Procedure 
First,  the working reagent was prepared by mixing 4 ml of  R1 + 1 
ml of R2,  100 µl of sample was added to 1 ml of working reagent in the 
cuvette at 30˚C , the  content of cuvette mixed and inserted into cell 
holder with  340 nm wavelength,  incubated for 1 min and the initial 
reading was recorded; the reading was repeated exactly after 1, 2, and 3 
min with stopwatch and the difference between readings were calculated, 
the mean of the results was  calculated to obtain the average change in 
absorbance per min (∆A/min). 
Calculation 
              Serum AST activity (U/L) = ∆A/min X 1746 
2.12 Statistical analysis 
The experimental data obtained for 16 weeks covering two seasons 
(summer and winter) in the local and exotic (White Hisex) breed of hen 
have been subjected to standard methods of statistical analysis. 
The statistical analysis was performed using General Linear 
Methods (GLM) procedure of Statistical Analysis System (SAS, 1996). 
The analysis of variance (ANOVA) test was used to evaluate the effect of 
different seasons (summer and winter) and the effect of breed in local ad 
exotic breed of hens on thermoregulation, production performance, 
haematological parameters, serum metabolites, minerals and enzymes.  
 
 
 
 
 
 
 
 
 
 42
CHAPTER THREE 
RESULTS 
The effect of breeds and season on rectal temperature, production 
performance, egg quality and blood parameter are presented in Tables. 
3.1. Physiological responses  
3.1.1. Rectal temperature (Tr) 
 Table 1 shows the effect of season on rectal temperature (Tr) in 
local and exotic breed of laying hens. The rectal temperature revealed 
differences between the two breeds during summer and winter. The 
exotic breed showed significantly higher Tr compared to local breed 
during summer (P<0.001)  and during winter (P<0.05)  . Also Tr was 
significantly (P<0.001) higher in summer compared to winter in both 
breeds. 
3.1.2. Feed intake    
          Table 2 shows the effect of breed and season on feed intake (g/bird 
per week). The exotic breed had significantly (P<0.001) higher feed 
intake compared to the local breed during summer and winter. Also there 
was a significant (P<0.001) increase in feed intake during winter 
compared to summer season in both breeds (local and exotic breed). 
3.1.3. Egg production 
         The effects of breeds and season on egg production (%) are shown 
in table 3. The egg production showed significant difference between the 
two breeds during different seasons. The exotic breed showed 
significantly (P<0.001) higher egg production compared to the local 
breed during the summer and winter. Also there was a significant 
(P<0.001) increase in egg production during winter compared to summer 
in both breeds (local and exotic breed). 
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Table.1 Effect of breed and season on rectal temperature (ºC) in local 
and White Hisex laying hens.  
 
 
 
 
                 Summer     Winter 
 
 
          White Hisex  A41.82±0.25a   A40.94±0.41b           *** 
 
           Local   B41.38±0.34a   B40.13±3.7b ***  
 
    
            LS                                       ***                                           * 
 
                                                                               
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
*    : P<0.05 
***: P<0.001 
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Table.2 Effect of breed and season on feed intake (g/bird per week)  
in local and White Hisex laying hens.  
 
 
 
      
                                               Summer     Winter 
 
 
  White Hisex  A625.7±30.1 a   A839.4±65.4b           *** 
 
  Local   B411±34.8a   B574.6±36.8b ***  
 
    
             
   LS                                      ***                              ***      
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
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Table.3 Effect of breed and season on egg production (%) in local 
and White Hisex laying hens. 
 
 
 
      
                Summer     Winter 
 
 
White Hisex  A79.77±9.15 a   A89.77±10.7b           *** 
 
Local   B26.55±9.36a   B34.41±12.7b ***  
 
    
             LS                                     ***                                            *** 
 
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
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3.1.4 Egg weight 
        Table 4 shows the effect of breed and season on egg weight. The egg 
weight was significantly (P<0.001) higher in the exotic breed compared 
to local breed during summer and winter. Also there was a significant 
(P<0.001) increase in egg weight during winter compared to summer in 
both breeds. 
3.1.5. Eggshell weight 
 Table 5 shows the effect of breed and season on eggshell weight. 
The eggshell weight was significantly (P<0.001) higher in exotic breed 
compared to local breed during summer and winter. Also there was a 
significant (P<0.001) increase in eggshell weight during winter compared 
to summer in both breeds. 
3.1.6. Eggshell thickness 
 Table 6 shows the effect of breed and season on eggshell 
thickness. The eggshell thickness was significantly (P<0.001) greater in 
exotic breed compared to local breed during summer and winter. Also 
there was a significant (P<0.001) increase in eggshell thickness during 
winter compared to summer in exotic breed. However, there was no 
significant effect of season on eggshell thickness during winter compared 
to summer in the local breeds. 
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Table.4 Effect of breed and season on egg weight (g) in local and 
White Hisex laying hens. 
 
 
 
 
                 Summer     Winter 
 
 
   White Hisex  A51.75±0.92 a   A53.42±1.84b           *** 
 
Local   B38.89±1.26a   B40.07±1.04b ***  
 
    
             LS                                      ***                                            *** 
 
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
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Table.5 Effect of breed and season on eggshell weight (g) in local and 
White Hisex laying hens.  
 
 
 
 
                 Summer     Winter 
 
 
    White Hisex  A6.01±0.50 a   A7.02±0.59b              *** 
 
Local   B4.80±0.34a   B5.34±0.40b  ***  
 
    
              LS                                    ***                                            *** 
 
 
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
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Table.6 Effect of breed and season on egg shell thickness (mm) in 
local and White Hisex laying hens  
 
 
 
 
     Summer     Winter 
 
 
White Hisex  A0.34±0.03 a   A0.40±0.01b             *** 
 
 
Local   B0.30±0.02a   B0.31±0.01b NS  
 
    
               LS                                      ***                                         *** 
 
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
NS: Not significant 
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3.1.7. Haemoglobin concentration (Hb) 
Table 7 shows the effect of breed and season on Haemoglobin 
concentration (Hb). The Hb concentration showed significant difference 
between two the groups of birds during different seasons. The exotic 
breed showed significantly (P<0.001) higher Hb concentration compared 
to the local breed during summer and winter. However, there was no 
significant effect of season on Hb concentration during winter compared 
to summer in both breeds.  
3.1.8. Packed cell volume (PCV) 
 Table 8 shows the effect of breed and season on packed cell 
volume (PCV).The exotic breed showed significantly (P<0.001) higher 
PCV compared to local breed during summer. However, the exotic breed 
showed no significant increase in PCV compared to local breeds during 
summer season. There was a significant lower in PCV during summer 
compared to winter in the exotic breed (P<0.001) and the local breeds 
(P<0.01). 
3.1.9. Heterophil/lymphocyte ratio (H/L) 
         Table 9 shows the effect of breed and season on 
heterophil/lymphocyte ratio. The breed had no significant effect on 
heterphil/lymphocyte ratio in both seasons. However, for both breeds the 
heterphil/lymphocyte ratio was significantly (P<0.001) higher in summer 
compared to respective winter in values. 
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Table.7 Effect of breed and season on haemoglobin concentration 
(Hb) (g/dL) in local and White Hisex laying hens. 
 
 
 
 
                                              Summer     Winter 
 
 
White Hisex  A12.63±1.63b   A12.97±2.26a               NS 
 
Local   B11.19±2.42b   B11.63±2.78a    NS  
 
    
 
  LS                                    ***                                           ***   
                                         
 
 
A,B : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are not 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
NS: Not significant 
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Table.8 Effect of breed and season on PCV (%) in local and White 
Hisex laying hens. 
 
 
 
                                               Summer     Winter 
 
 
White Hisex  A21.77±2.12b   A26.1±7.63b   
*** 
 
Local   B17.90±3.86a   B24.39±7.54a  ** 
 
 
              LS                                      ***                                             NS 
  
 
 
 
A,B : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
**  : P<0.01 
***: P<0.001 
NS: Not significant 
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Table.9 Effect of breed and season on heterophil/lymphocity ratio in 
local and White Hisex laying hens. 
 
 
 
 
     Summer     Winter                    LS 
 
White Hisex  A0.55±0.03 a   A0.52±0.04b              *** 
 
Local   B0.54±0.05a   B0.51±0.04b  ***  
 
    
              LS                                     NS                                           NS 
 
 
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
not significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
NS: Not significant 
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3.1.10. Plasma glucose 
 Table 10 shows the effect of breed and season on plasma glucose 
concentration. The plasma glucose concentration showed no significant 
difference between the two breeds during different seasons. However, the 
glucose level was significantly (P<0.001) higher during winter compared 
to respective summer value in both breeds. 
3.1.11. Serum cholesterol 
Table 11 shows the effect of breed and season on serum cholesterol 
concentration in local and exotic breeds of laying hens under summer and 
winter conditions. The exotic breed showed significantly (P<0.001) 
higher serum cholesterol concentration compared to local breed during 
summer. However, the exotic breed showed no significant change in the 
serum cholesterol concentration compared to local breed during winter. 
There was a significant increase in the serum cholesterol concentration 
during summer compared to winter season in exotic breed (P<0.05) and 
the local breed(P<0.001). 
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Table.10 Effect of breed and season on plasma glucose concentration   
(mg/dL) in local and White Hisex laying hens. 
 
 
 
 
     Summer     Winter 
 
 
White Hisex  A160.8±19.8a   A173.1±16.6b             *** 
 
Local   B157.6±15.8a   B169.6±13.3b   ***  
 
    
 
 LS                                        NS                                          NS 
     
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
not significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
NS: Not significant 
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Table.11 Effect of breed and season on serum cholesterol 
concentration (mg/dL) in local and White Hisex laying hens. 
 
 
 
 
                             Summer     Winter 
 
 
White Hisex  A130.9±25.7a   A109.6±100.3b           * 
 
             Local   B115.9±21.13a   B93.6±24.3b ***  
 
    
 
    LS                                   ***                                         NS 
                                                                               
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
*    : P<0.05 
***: P<0.001 
NS: Not significant 
 
 
 
 
 
 
 
 
 
 57
3.1.12. Serum total protein 
            Table 12 shows the effect of breed and season on serum total 
protein concentration. The serum total protein concentration was 
significantly (P<0.05) higher in exotic breed compared to local breed 
during summer. There was no significant effect of season on serum total 
protein concentration in both breeds. 
3.1.13. Serum calcium (Ca) 
Table 13 shows the effect of breed and season on serum Ca 
concentration. The serum Ca concentration showed significant difference 
between two groups during different season. The exotic breed showed 
significantly (P<0.001) higher serum Ca concentration compared to local 
breed during summer and winter. Also there was a significant (P<0.001) 
increase in serum Ca concentration during winter compared to summer in 
both breeds. 
3.1.14. Serum sodium (Na) 
 Table 14 shows the effect of breed and season on serum Na 
concentration. The exotic breed showed significantly (P<0.001) higher 
serum Na concentration compared to local breed during summer and 
winter. However, there was no significant effect of season on serum Na 
concentration during winter compared to summer in both breeds. 
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Table.12 Effect of breed and season on serum total protein 
concentration (mg/dL) in local and White Hisex laying hens. 
 
 
 
 
     Summer     Winter 
 
 
White Hisex  A5.77±0.79a   A5.78±0.84b             NS 
 
Local   B5.45±0.76a   B5.60±0.67b NS 
 
    
 
 LS                                      **                                           NS 
                                                                              
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are not 
significantly different. 
 
 LS: Level of significance. 
**  : P<0.01 
NS: Not significant 
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Table.13 Effect of breed and season on serum calcium (Ca) 
concentration (mg/dl) in local and White Hisex laying hens. 
 
 
                                                                                                                                   
 
                 Summer     Winter 
 
 
White Hisex  A16.38±0.25a   A19.07±0.41b           *** 
 
Local   B14.01±0.34a   B17.46±3.7b ***  
 
    
 
  LS                                       ***                                          ***    
                                                                           
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
NS: Not significant 
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Table.14 Effect of breed and season on serum sodium (Na) 
concentration (mg/dl) in local and White Hisex laying hens. 
 
 
 
 
                 Summer     Winter 
 
 
White Hisex  A176.7±12.68a   A183.2±25.83b           NS  
 
Local   B168.2±18.23a   B167.3±29.55b           NS 
 
    
            
LS                                       ***                                            *** 
                                                                        
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are not 
significantly different. 
 
 LS: Level of significance. 
***: P<0.001 
NS: Not significant 
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3.1.15. Serum potassium (K) 
Table 15 shows the effect of breeds and season on serum K 
concentration. The exotic breed showed significantly (P<0.001) higher 
serum K concentration compared to the local breed during winter. 
However, the exotic breed showed no significant difference in the serum 
K concentration compared to local breeds during summer season. There 
was a significant increase in serum K concentration during summer 
compared to winter in the exotic breed (P<0.001) and the local 
breed(P<0.05). 
3.1.16. Serum Alanine aminotransferase (ALT)  
 Table 16 shows the effect of breed and season on serum ALT 
activity. The exotic breed showed no significant difference in the serum 
ALT activity compared to local breed during summer and winter. Also 
there was no significant effect of season on serum ALT activity during 
winter compared to summer in both breeds. 
3.1.17. Serum Aspartate aminotransferase (AST)  
Table 17 shows the effect of breeds and season on serum AST 
activity. The exotic breed showed no significant difference in serum AST 
activity compared to local breeds during summer and winter. Also there 
was no significant effect of season on serum AST activity during winter 
compared to summer s in both breeds. 
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Table.15 Effect of breed and season on serum potassium (K) 
concentration (mg/dl) in local and White Hisex laying hens. 
 
 
 
 
                Summer     Winter 
 
 
 White Hisex             A7.34±0.79a   A5.40±0.86b           *** 
 
 Local              B6.06±8.49a   B4.74±1.01b *  
 
    
 
 LS                                       NS                                        ***   
                                                                           
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are 
significantly different. 
 
 LS: Level of significance. 
*    : P<0.05 
***: P<0.001 
NS: Not significant 
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Table.16 Effect of breed and season on serum Alanine 
aminotransferase (ALT) activity (U/L) in local and White 
Hisex laying hens. 
 
 
 
    
                           Summer     Winter 
 
 
 White Hisex           A18.62±9.18a   A16.62±6.47b           NS 
 
   Local                B17.56±9.49a   B16.37±6.68b NS  
 
    
 
     LS                                  NS                                         NS 
 
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
not significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are not 
significantly different. 
 
 LS: Level of significance. 
NS: Not significant 
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Table.17 Effect of breed and season on serum Aspartate 
aminotransferase (AST) activity (U/L) in local and White 
Hisex laying hens. 
 
 
 
 
             Summer     Winter 
 
 
 White Hsex            A190.6±50.1a   A184.6±40.3b           NS 
 
         Local              B181.7±48.5a   B182.9±45.1b NS  
 
    
            LS                                      NS                                             NS 
 
 
 
 
A,B, : Mean values within the same column with different superscripts (capital) are 
not significantly different.  
  a,b, : Mean values within the same row with different superscripts (small) are not 
significantly different. 
 
 LS: Level of significance. 
NS: Not significant 
 
 
 
 
 
 
 
 
 
 
 
 65
CHAPTER FOUR 
DISCUSSION AND CONCULUSION 
4.1 Discussion 
 This thesis investigated the effects of season and breed (local and 
exotic) on thermoregulation, egg production, egg quality and blood 
constituents under local tropical condition. 
The rectal temperature (Table 1) was significantly higher during 
summer compared to winter in both breeds (local and exotic breed). The 
observed increase in body temperature could be attributed to a reduction 
in rate of sensible heat loss due to the decrease in thermal gradient 
between the body and environment. The increase in heat production at the 
upper critical temperature can be related to the increased panting. Thus it 
could be associated with the increase in body temperature (Vant Hoff 
Arrhenius effect) (Dawson and Whittow, 2000). This finding is in 
conformity with studies which reported increased rectal temperature in 
broilers during heat stress (Cooper and Washburn 1998; Altan et al., 
2000). The significantly higher rectal temperature in the exotic breed 
compared to the local breed could be attributed to the fact that the 
indigenous fowl is well adapted to tropical climate (Oluymi et al., 1979). 
            The feed intake was significantly decreased during the summer 
compared to the winter in both breeds (local and exotic breed) (Table 2).  
The feed intake is controlled by central nervous system and peripheral 
tissues; within the nervous system, the brainstem and the hypothalamus 
play critical roles in the regulation of feed intake (Richards, 2003).The 
preoptical area of hypothalamus thermosensitve neurons which respond 
to change in body temperature. Accordingly, high ambient temperature 
raises the body temperature and the hypothalamus responds by reduction 
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of energy metabolism and decreased feed intake. This would explain why 
birds eat less food at high environmental temperatures. Also the lower 
feed intake could be due to reduction in appetite and a decrease in ability 
to digest protein, fat and starch as primary response to high temperature 
(Hurwitz et al., 1980). Our finding are in agreement with Mashaly et al. 
(2004) who reported that feed consumption was significantly decreased in 
laying hens during heat stress. Also in the current study, feed intake 
decreased significantly in the local breeds compared to exotic breed 
during summer and winter. This could be attributed to fact that the level 
of production is quite low in indigenous fowl compared to the exotic 
breed (Nowsu, 1979). 
        The present study indicates that egg production decreased 
significantly during summer compared to winter in both breeds (local and 
exotic breed) (Table 3). The observed decrease in egg production could 
be attributed to heat stress that reduces the reproductive performance of 
laying hens by interrupting egg production, an effect caused not only by a 
reduction in feed intake but also by a disruption of hormones responsible 
for ovulation and a decrease in responsiveness of granulosa cells to 
luteinizing hormone (Donoghue et al., 1989; Novero et al., 1991). This 
finding is in conformity with studies which reported that heat stress 
depresses egg production (Muiruri and Harrison, 1991; Whitehead et al., 
1998). Also the result indicate that egg production decreased significantly 
in the local breed compared to exotic breed during summer and winter. 
This could be due to the fact that the level of production is quite low in 
indigenous fowl compared to the exotic breed (Nowsu, 1979). 
Differences between strains of local breeds in Sudan and crossbreeding in 
egg production have been reported (El Zubeir,1997). 
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             In the present study, there was a significant decrease in egg 
weight during summer compared to winter in both breeds (Table 4). The 
observed decrease in egg weight could be due to the fact that egg weight 
is influenced by reduction in feed consumption (Balnave and Muheereza, 
1997). The current results in egg weight agree with previous finding 
(Kirunda et al., 2001) which reported that either high environmental or 
cyclic temperatures decreased egg weight due to the reduction in feed 
consumption. Also in the current investigations, the egg weight was 
significantly lower in the local breed compared to exotic breed during 
summer and winter. This reduction in egg weight could be attributed to 
the breed of hens. Weight and proportion of egg, albumen, yolk and shell 
varied significantly between strains of hens (Pandey et al., 1986). 
Inherited differences between strains of White Leghorn in egg weight and 
shape index have been reported (Carter and Jones 1970; Arafa et al. 
1982). 
        The current results indicate that eggshell quality (eggshell weight 
and eggshell thickness) in hens was influenced by season and breed. 
Tables 4 and 5 indicate that generally there was significant decrease in 
eggshell weight during summer compared to winter in both breeds (local 
and exotic breed). Also there was progressive decrease in eggshell 
thickness during summer compared to winter in exotic breed. The 
decrease in eggshell quality during summer could be attributed to the 
observed reduction in food intake. Also it could be influence byreduced 
blood flow to reproductive tract, disturbed blood acid-base balance 
(respiratory alkalosis) and reduced blood ionized calcium concentration 
(Odom et al., 1986). Calcium is the first restrictive factor of the shell 
formation and bicarbonate ion (HCO3) is the second factor. In hot 
weather as the respiratory frequency increased and respiratory alkalosis 
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may occur. In this situation, carbon dioxide (CO2) from the blood and 
bicarbonate from the blood and body fluids are lost (Nobkhat et al., 
2006).The losses of CO2 are accentuated by the need for blood 
bicarbonate to buffer the hydrogen ions produced during eggshell 
formation (Makled and Charles, 1987).Also the decrease in egg quality 
could be due to a reduced bicarbonate concentration in the lumen of the 
shell gland (Balnave et al., 1989) and a reduction in plasma calcium 
(Mahmoud et al., 1996). Moreover, there was a significant decrease in 
eggshell weight and eggshell thickness in the local breed compared to 
exotic breed during summer and winter. The reduction in eggshell weight 
and eggshell thickness could be attributed to the breed of hens; eggshell 
weight and eggshell thickness were significantly influenced by strain 
(Pandey et al., 1986). The mean eggshell thickness for Betwil and bare 
neck type, were shown to be similar and thicker compared to that of large 
Beladi (Mohammed et al., 2005). 
    The current results indicate that haemoglobin concentration (Hb) 
(Table 7) and packed cell volume (PCV) (Table 8) in hens were 
influenced by season and breed. The data indicate that generally there 
was significant decrease in Hb concentration and PCV during summer 
compared to winter in both breeds (local and exotic breed). The observed 
decrease in Hb concentration and PCV could be attributed to reduction in 
number of erythrocyte, caused by a rise in erythrocyte destruction 
(haemolysis) and haemodilution. This result is in agreement with finding 
obtained by Bedenova et al. (2003) and Hind et al. (2008) who reported 
that Hb concentration and PCV were decreased during heat stress. 
Moreover, the Hb concentration and PCV were significantly lower in the 
local breed compared to exotic breed during summer and winter. This 
could be attributed to fact that the haematological values of chicken are 
influenced by breed and nutritional status (Islam et al., 2004). 
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     The result obtained in this study revealed that the 
heterophil/lymphocyte ratio was significantly higher during summer 
compared to winter in both breeds (local and exotic breed) (Table 9).The 
observed increase in heterophil/lymphocyte ratio could be attributed to 
exposure to stress induced release of glucocorticoids, causing dissolution 
of lymphocytes in lymphoid tissues, leading to lymphopenia (Altan et 
al.,2000). However, there is an increase in heterophil released by the 
bone marrow, thus increasing their number in circulation (Gross and 
Siegel, 1983). The result obtained confirms the reports of Zulkifli et al. 
(1994) and Bebenova et al. (2003) who reported an increase in 
heterophil/lymphocyte ratio during heat stress as a consequence of 
decrease in lymphocyte counts and also to a slight increase in heterophil 
count. On the other hand, there was no significant difference in the 
heterophil/lymphocyte ratio between the local and exotic breed during 
summer and winter. 
           In the current study, the plasma glucose level (Table 10) decreased 
during the summer compared to the winter season in both breeds (local 
and exotic breed).This reduction in plasma glucose concentrations during 
hot summer conditions could be attributed to the reduction of feed 
consumed (Table 2) and consequently a decrease in carbohydrate 
consumption and probably the hepatic storage of glycogen (Faisal et al., 
2008). The result confirms the reports of Sahin et al. (2002) and Rahimi 
(2005) who reported that plasma glucose concentrations was significantly 
lower in Japanesequails and broilers during heat stress. Also Zulkifli et 
al. (2000) postulated that the decline in blood glucose concentration 
during heat stress might be due to a decrease in concentration of 
thyroxine, which is closely associated with energy metabolism during 
heat exposure. Thyroid hormones are know to increase plasma glucose 
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level by increasing the number of α-adrenergic receptors. Thyroid 
hormones also increase the rate of absorption of carbohydrate from the 
gastrointestinal tract (Ganong, 2003). On the other hand, there was no 
significant difference in the plasma glucose level (Table 10) between the 
local breed and exotic breed during summer and winter. 
  In the present study, the serum cholesterol concentration (Table 
11) was higher during the summer compared to the winter in both breeds. 
This increase in serum cholesterol concentration could be attributed to the 
mobilization of lipid in reserved fats for supplying the increasing energy 
need (Yardibi et al., 2009). The current results of serum cholesterol 
concentration support the previous reports (Sahin et al., 2001; Ozbey et 
al., 2004) which indicated that high ambient temperature was associated 
with increase in serum cholesterol concentration. Conversely, the current 
results disagree with studies which reported a decrease in serum 
cholesterol level during exposure to high ambient temperature (Arad et 
al., 1983). Moreover, the serum cholesterol concentration (Table 11) was 
significantly lower in the local breed compared to the exotic breed during 
summer. This difference could be due to genetic influences.  
                     In the current study, serum total protein concentration (Table 
12) showed no significant change related to season in both breeds (local 
and exotic breed).  This is in contrast to previous studies in which serum 
total protein concentration decreased during exposure to high 
ambienttemperature (Ozbey et al. 2004). On the other hand, the serum 
total protein concentration (Table 12) was significantly lower in the local 
breed compared to exotic breed during summer. This differnce could be 
attributed to genetic factor. 
        In the present investigations, the serum Ca level (Table 13) was 
lower during summer compared to winter in both breeds. The observed 
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decrease in Ca level could be attributed to reduction in Ca intake as a 
direct consequence of reduction of feed intake during the hot season. Also 
Ca use and uptake of Ca of by duodenal epithelial cells are decreased by 
exposure to high environmental temperatures (Mahmoud et al., 1996). 
Also heat stress reduced Ca intake, as well as the conversion of vitamin 
D3 to its metabolically active form, 1,25-dihydroxy chole calliferol, 
which is essential for the absorption and utilization of Ca (Rama Rao et 
al. 2002 ). These findings agree with Kohne and Jones (1976) and 
Vecerek et al. (2002), who observed that high temperature induced 
decreases in plasma Ca level. Moreover, the serum Ca level was 
significantly lower in the local breed compared to the exotic breed during 
both seasons. This difference could be attributed to genetic variation and 
reduction of feed intake. 
               In the present study, serum Na concentration (Table 14) showed 
no significant seasonal variation in both breeds. This observation 
disagrees with    the findings of Salvador et al. (1999) who reported lower 
serum Na concentration during heat stress. The significantly lower serum 
Na concentration in local breed compared to the exotic breed in both 
seasons. This decreased could be attributed to genetic variation. 
          The present results indicate that serum K concentration (Table 15) 
was significantly higher in summer compared to winter in both breeds. 
This increase in serum K concentration could be attributed to the 
limitation of bicarbonate reabsorption. Previous studies reported that in 
order to maintain the organic homeostasis during heat stress (respiratory 
alkalosis), the blood chloride level increased; which in turn decreased the 
hydrogen excretion and bicarbonate reabsorption by the kidneys (Benton 
et al., 1998). The current result regarding serum K concentration agrees 
with the finding of Kohne and Jones (1975).Moreover, serum K 
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concentration was significantly lower in the local breed compared to 
exotic breed during winter. This observation may be due to genetic 
variation. 
          In the present investigations, there was no significant changes in 
the activities of plasma aspartate aminotransferase (AST) (Table 17) and 
alanine aminotransferase (ALT) (Table 16) related to season in both 
breeds. These results are not in agreement with the finding of Niparat et 
al. (2002) who reported an increase in ALT and AST enzymes in the 
blood plasma of the birds exposed to high temperature. The results 
suggest that the birds are capable to adapt to the effect of heat stress 
without adverse effect on the liver functions. The current result agree 
with Faisal et al. (2008) who observed that the activities of plasma AST 
and ALT were not significantly increased in Japanese Quail exposed to 
heat stress (39±1˚C). 
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4.2. Conclusion: 
1- The local breed of laying hens is more adapted to tropical conditions 
and heat stress than exotic White Hisex laying hens. 
2- Heat stress increased rectal temperature in local and exotic breeds of 
laying hens during summer; the rectal temperature in the exotic breed was 
higher than in local breed. 
3- The study indicates that the Hb concentration, PCV, blood glucose, 
Calcium and Potassium levels were affected by heat stress during summer 
in both breeds.  
4- The egg production of local breed of laying hens is remarkably lower 
compared to exotic breed. Also the eggs weight and egg quality are lower 
in the local breed. 
5- Summer heat stress decreased production performance (feed intake, 
egg production, egg weight and egg quality) of both breeds; the effect 
was more pronounced in the exotic breed.  
6- Future studies should evaluate the physiological performance and 
productivity of layers produced by crossbreeding the local and exotic 
breeds. 
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